Although the Chiroptera represents a significant proportion (c.20%) of the mammalian fauna and South America has the highest diversity of bat species, only about a third of the known species in this region have had helminth parasites reported from them. This work represents the first comprehensive checklist of the helminth parasites (nematodes, acanthocephalans, trematodes and cestodes) of South American bats. The data were extracted from more than 120 references and are presented as a key to each group of parasites down to the generic level, with an indication of how the bats become infected, accompanied by a list of the species recorded for each genus. This is followed, in tabular form, by parasite-host and hostparasite checklists. The parasite-host list also includes their geographical distribution in South America (at the country level) and site data, plus the references in which the parasite records occur. The host-parasite list is arranged according to the classification of the hosts. In all, c.370 host-parasite associations are recorded, involving 114 nominal species of helminths from 92 named chiropteran taxa.
Introduction
The Chiroptera is a large group, representing 20-22% of mammalian species (e.g. Simmons, 2005) , and some of the highest chiropteran (bat) species diversity in the world occurs in the Neotropical region (Willig & Selcer 1989) . Since the work of Diesing (1850) , the helminth parasites of bats in South America have been studied sporadically and locally in more than 120, generally small, investigations with little or no continental or national compilation or evaluation. Given that there is increasing evidence suggesting that there is cryptic diversity in Neotropical bats and that many bat species are endangered, 'a comprehensive survey of potential diversity is needed on a scale which is taxonomically diverse' and 'geographically broad' (Clare et al. 2011 ). The same is true for their helminth parasites, for, as indicated below, only about a third of the known bat species in South America have had helminths reported from them.
Recorded helminths include members of the phyla Nematoda, Acanthocephala and Platyhelminthes, the latter including the classes Trematoda and Cestoda. These records exclusively represent endoparasites. Bats generally acquire such parasites in the form of a passive infection via their diet, with the result that the alimentary canal and thoracic and abdominal cavities are the most parasitized sites. Infected bats usually represent the 'definitive (or final) host', harbouring the parasite as a sexual adult, or, more rarely, as either an 'intermediate host', in which one or more larval stages develop, or a 'paratenic host', in which a larval stage can survive without further development. In addition to increasing our knowledge in terms of biodiversity and disease, the study of the helminth parasites of bats is important as it contributes to our understanding of feeding habits and other aspects of their biology, and may indicate useful biological markers for bat populations.
1.
Buccal cavity long, tubular, with thick walls; vulva postoesophageal or at level of oesophagus. Lent, Freitas & Proença, 1946 Superfamily Muspiceoidea Brumpt
These subcutaneous parasites have a direct life-cycle. Larvae leave via the skin and are transmitted by ingestion during mutual or individual grooming.
Family Muspiceidae Brumpt
Lukonema Chabaud & Bain Species: L. lukoschusi Chabaud & Bain, 1974 Superfamily Physalopteroidea Railliet
Physalopteroids are gut parasites of all major vertebrate groups, but occur mainly in mammals, birds and reptiles. The final host normally acquires the parasite by ingesting insects harbouring the third-stage larva. As no adult has been found, this group is not included in the key to superfamilies.
Family Physalopteridae Railliet
Physaloptera Rudolphi Species: Physaloptera sp. (juv.)
Superfamily Rictularioidea Hall
Rictularioid nematodes utilize an insect intermediate host. Transmission to bats occurs when they feed on infected insects.
Family Rictulariidae Hall (Travassos, 1928) Superfamily Seuratoidea Hall
There is only one record, of an unidentified species of Seuratum, from South American chiropterans. Intestinal parasites of this genus are normally acquired by small mammals when feeding on insects harbouring a larval stage.
Family Seuratidae Hall
Seuratum Hall Species: Seuratum sp.
Superfamily Trichinelloidea Ward
Trichinelloids have a direct life-cycle. Eggs are released with the faeces and are eaten directly or in/on organisms (e.g. plants, insects) which have been in contact with the faeces.
Family Capillariidae Railliet (Freitas, 1934) ; P. brevidelphis Freitas & Mendonça, 1960 (Freitas & Lent, 1937) ; A. magnifica Freitas & Mendonça, 1961; A. parca Freitas & Dobbin Jr., 1961(a) ; A. pereirai (Freitas & Lent, 1936) ; A. pintoi (Freitas, 1934) ; A. pulchra (Freitas, 1934) (Lent & Freitas, 1940) (also attributed to Parahistiostrongylus)
Family Ornithostrongylidae Travassos
Allintoshius Chitwood Species: A. bioccai Rossi & Vaucher, 2002; A. nudicaudatus (Freitas & Mendonça, 1963) ; A. parallintoshius (Araújo, 1940) ; A. urumiac (Freitas & Mendonça, 1960(a) ); Allintoshius sp.
Phylum Acanthocephala
The Acanthocephala is a small group of more than a thousand species (thorny-headed worms) which occur as intestinal parasites of a wide range of vertebrates at the adult stage. They are readily recognisable by the possession of a single large, eversible, armed proboscis at the anterior end, which they use to attach to the wall of their host's intestine. Acanthocephalans are dioecious and have a body-cavity which contains little but their reproductive organs. The lack of a gut means that they absorb nutrients from the host's intestine directly through their body wall.
Acanthocephalans all use arthropods as intermediate hosts. In the case of bats, the rare cases of infection are by the ingestion of insects harbouring a cystacanth larva encysted in its body, or, possibly, in the case of carnivorous bats, by feeding on small vertebrates acting as paratenic hosts. According to Gibson & McCarthy (1987) , there are no species specific acanthocephalan parasites of bats, i.e. they tend to be accidentally infected with the parasites of other vertebrates. These worms are usually encysted juveniles and do not develop to maturity, so the bat is likely acting as a paratenic host. Nevertheless, Smales (2007) reported immature specimens from the intestine.
Key to families 
Phylum Platyhelminthes
The platyhelminths, or flatworms, include free-living and parasitic groups. These worms are bilaterally symmetrical, lack a body cavity, comprise three main cell layers, may lack an intestine and usually lack an anus, and are usually hermaphroditic. Two groups occur as parasites in chiropterans, the trematodes (flukes) and the cestodes (tapeworms).
Key to Classes 
Class Cestoda Rudolphi
The Cestoda is a relatively large, diverse group of parasites (c.8,000 species), almost all of which are found parasitic in the intestine of different groups of vertebrates. They lack a gut and absorb nutrients through their surface layer. The majority are long, tape-like and segmented, with a complete set of reproductive organs in each segment. They anchor themselves to the intestinal wall of their host using an array of different attachment organs (hooks, suckers, etc.). Family Hymenolepididae Ariola
The life-cycle of hymenolepidids is similar to that of anoplocephalds, with transmission occurring via the ingestion of cysticercoid larvae in fleas and other insects. (Vaucher, 1986(b) ); V. pandonensis Sawada & Harada, 1986; V. phyllostomi Vaucher, 1982(b) ; V. promopsis (Vaucher, 1986(a) ); V. santacruzensis Sawada & Harada, 1986 ; V. temmincki (Vaucher, 1986(a) ); Vampirolepis sp.
Class Trematoda Rudolphi
The Trematoda is a large class of 15,000-20,000 parasitic species which utilize all of the major vertebrate groups as hosts. The vast majority belong to the subclass Digenea, the members of which are characterised by having multiple generations (usually three) within their life-cycle, i.e. two asexual generations which mature in a molluscan host and one sexual generation which occurs within a vertebrate host. In terms of morphology, life-cycle and site, the group is very plastic, although this is not the case for individual lower taxa. Digeneans are usually parasites of the alimentary canal of their host, usually have a blind intestine and usually attach to the host using two (sometimes one) suckers. Transmission to the vertebrate host is usually by the direct penetration of a larval stage (the cercariae) or, more often, by the ingestion of an encysted larval stage (the metacercaria) with the host's food, e.g. within an intermediate host.
Key to Families 
Family Anenterotrematidae Yamaguti
The life-cycle of anenterotrematids is not known, but, judging by related digenean groups, the bats acquire the parasite by the ingestion of arthropods infected with the metacercarial stage. All digeneans utilize molluscs as first intermediate hosts. Family Diplostomidae Poirier
Transmission is normally associated with the aquatic environment and effected by the ingestion of a fish or an invertebrate harbouring the metacercarial stage.
Neodiplostomum Railliet Species: Neodiplostomum vaucheri Dubois, 1983 Family Hasstilesiidae Hall
In the Americas, hasstilesiids are parasites of rodents and lagomorphs. The record below is the first from a bat.
Hasstilesia tricolor is essentially a parasite of rabbits. All of the larval development of this group takes place in the molluscan host. The infection of frugivorous bats may take place when they accidentally ingest infected molluscs in their diet or by drinking water containing cercarial larvae.
Hasstilesia Hall Species: H. tricolor (Stiles & Hassall, 1894) Zootaxa 3937 (3) © 2015 Magnolia Press · 479
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Family Lecithodendriidae Lühe
The lecithodendriids are closely related to the phaneropsolids, from which they are often difficult to distinguish based on morphology.Together they form the major group of bat parasites. The synonymies indicated are based on Lotz & Font (2008a) . Bats become infected by ingesting insects harbouring the encysted metacercarial stage. Family Nudacotylidae
Nudacotylids occur in the intestines of several, normally vegetarian, groups of mammals in the Americas. Transmission occurs by the ingestion of metacercariae encysted on vegetation or other surfaces.
Nudacotyle
Barker Species: N. carollia Vélez & Thatcher, 1992; N. novicia Barker, 1916 Family Phaneropsolidae Mehra
The phaneropsolids are closely related to the lecithodendriids, from which they are often difficult to distinguish based on morphology. Together they form the major group of bat parasites. The synonymies indicated are based on Lotz & Font (2008b) . Bats become infected by ingesting insects harbouring the encysted metacercarial stage. Species: P. cephalolecithus (Marshall & Miller, 1979) ; P. limatulus Family Plagiorchiidae Lühe This is a large group, occurring in a wide range of tetrapods. Metacercariae commonly occur encysted in both larval and adult insects; it is likely that bats acquire the parasites from the latter. 
Species: T. buckleyi
Saoud 1964 -Genital pore common or male and female pores close together, submedial to sublateral and close to level of ventral sucker.. .4 4
Records
See Table 1 for a checklist relating to the various species of helminth parasites occurring in South American bats extracted from more than 120 references. The data in the table include the name of the parasite, its chiropteran host(s), the name of the South American countries in which it has been recorded, the site(s) of the parasite within the host and the related reference(s). Table 2 is a host-parasite checklist, listing the groups and species of helminth parasites so far recorded from the individual South American bat species which have been investigated. Helminth parasites have been reported from 92 named chiropteran species belonging to six families, which is only about a third of the known taxa; Nogueira et al. (2014) listed 178 species of bats (from nine families) as occurring in Brazil alone and Wikepedia listed 275 bats (from nine families) as present in the whole of South America (Wikipedia: The free encyclopedia, 2014). The c.370 records of 114 nominal species of helminth parasites include 53 nematode species, three acanthocephalans, 18 cestodes and 40 trematodes. Despite the fact that the Chiroptera is the second largest mammalian order, given that the vast majority are insectivores, it is not surprising that their helminth fauna is not very diverse and tends to be somewhat restricted to those helminth Seuratum sp.
Myotis keaysi
Venezuela -Guerrero 1985
Stilestrongylus octacanthus
Phyllostomus hastatus
Brazil
Small intestine Lent & Freitas 1940; Vicente et al. 1997 Tenoranema rivarolai
Nyctinomops laticaudatus
Paraguay
Small intestine Lent et al. 1946 Torrestrongylus sp. Linstow 1904; Joyeux 1945; Rêgo 1962; Travassos 1965; Boero & Delpietro 1970; Vaucher, 1982b Vaucher, , 1986a Nama 1990; Sawada 1990 Vampirolepis elongata Lent et al. 1945; Travassos et al. 1969; Thatcher 1993 
Sturnira bidens, Micronycteris schmidtorum
Paralecithodendrium brachycolon Molossus molossus, Molossus rufus rufus Brazil
Small intestine Freitas & Dobbin Jr. 1960b Caballero & Caballero 1969; Travassos et al. 1969 Paralecithodendrium buongerminni Molossus molossus. M. rufus (as M. ater) Brazil, Paraguay
Small intestine Lent et al. 1946; Dubois 1960; Travassos et al. 1969; Ferreira & Brasil-Sato 1998 Parametadelphis compactus Glyphonycteris (as Micronycteris) behnii Brazil Small intestine Travassos 1955; Travassos et al. 1969; Thatcher 1993 
Paralecithodendrium conturbatum Noctilio albiventris, Molossus molossus, Myotis nigricans, Tadarida brasiliensis
Brazil, Ecuador, Argentina
Small intestine Freitas 1960; Travassos & Freitas 1964; Travassos et al. 1969; Caballero & Caballero 1969; Marshall & Miller 1979; Thatcher 1993; Boero & Led 1971; Paralecithodendrium cordiforme Molossus molossus (also as M. major), Miniopterus schreibersii
Brazil, Colombia
Small intestine Travassos 1921; Dubois 1960; Travassos et al. 1969; Thatcher 1993; Caro et al. 2003 Paralecithodendrium megovarium Lent et al. 1945; Freitas & Dobbin Jr. 1962; Travassos & Freitas 1964; Mañé-Garzón & Telias 1965; Travassos et al. 1969; Caballero & Caballero 1969; Marshall & Miller 1979; Thatcher 1993; Caro et al. 2003; Lunaschi & Notarnicola 2010 Negative result
Molossus molossus
No helminth eggs found in faeces groups which involve insects as intermediate hosts. Consequently, it would appear that the endoparasitic fauna of this group in South America appears rather depauperate when compared to the rich ectoparasitic fauna reported by Frank et al. (2014) , i.e. 273 species. Thus, in terms of those chiropteran taxa examined so far, the diversity of helminth parasites is only slightly greater than that of their hosts.
